Models for Underwriting of Risks
Steps of Underwriting of Risks:
1- Data preparation

Dependent Variable: (degree of risk)
Assuming that the Y has several responses variable (A, B, C, D), and that we have several independent variables, where:
- C: Low-risk group (cluster 0)
- A: Normal risk group (cluster 1)

- B: High risk group (cluster 2)

- D: Bad risk group (cluster 3)
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Independent Variables:
X1: Age
This quantitative variable (continuous)
X2: Residence
This variable is qualitative, and was regarded as a binary classification (inside the city / other), where:
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X3: Nationality 
This variable is qualitative, and was regarded as a binary classification (Saudi / other), where:
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X4: Marital status:
This qualitative variable, and was considered a three-category (Married / Single / etc.), Where:
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X5: Gender:
This variable is qualitative, and was regarded as a binary classification (Male / other), where:
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X6: Occupation:
This variable is qualitative, and was regarded as a binary classification (Employee / other), where:
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X7: Medical History:
This qualitative variable, and was considered a four-category (Fit / Middle / Not fit /etc.), Where:
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2- Cluster Analysis:

Divide the data obtained to the risk of groups or clusters of different and mutually exclusive, and each has its own characteristics, which considers all risk groups internally homogeneous and different from the other risks Groups. By SPSS
3- One-Way ANOVA:

We can perform analysis of variance test in one direction (One-Way ANOVA), to make sure the differences Means of various groups of the risks, and testing the following null hypothesis:
By SPSS
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4- Binary Logistic Regression:
The dependent variable in has two response (binary response), such as (yes or no), (agree or not agree), where the model in such cases calculates the probability that one of the two responses, or calculates the percentage of preference Odds Ratio [OR] for one of two responses in return for response the other, for example, if the random variable (y), and was the X1, X2, X3 ... .Xk independent variables were:
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The probability that the dependent variable equal to one P (Y = 1), are estimated from the following model:
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Where:
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Thus, the probability that a random variable Y equal of zero is:
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5- Multinomial Logistic Regression (Polytomous Logistic Regression)
When the dependent variable qualitative, Discrete, and has several limits or responses, and independent variables mixture of quantitative both types of variables (Discrete and continuous) it would be appropriate to use a Polytomous logistic regression Multinomial Logistic Regression. By SPSS
To calculate the Probability of responses are:
· Model Probability of Low-risk group
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· Model Probability of Normal risk group
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· Model Probability of High risk group
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· Model Probability of Bad risk group
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Where:
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Applied study
Cluster Analysis:

	Number of Cases in each Cluster

	Cluster
	1
	5.000

	
	2
	1523.000

	
	3
	108.000

	
	4
	22.000

	Valid
	1658.000

	Missing
	.000


	Cluster Number of Case

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	1
	5
	.3
	.3
	.3

	
	2
	1523
	91.9
	91.9
	92.2

	
	3
	108
	6.5
	6.5
	98.7

	
	4
	22
	1.3
	1.3
	100.0

	
	Total
	1658
	100.0
	100.0
	


One-Way ANOVA:

We can perform analysis of variance test in one direction (One-Way ANOVA), to make sure the differences Means of various groups of the risks, and testing the following null hypothesis:
By SPSS
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Descriptives
Amount of claims
	Y
	Cluster
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	
	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	3
	1
	5
	122310.80
	15747.082
	7042.309
	102758.22
	141863.38
	105200
	148000

	0
	2 
	1523
	510.25
	1429.613
	36.633
	438.39
	582.10
	0
	7509

	1
	3

	108
	14196.69
	6454.852
	621.118
	12965.40
	15427.99
	7588
	32581

	2
	4

	22
	54258.59
	13488.263
	2875.707
	48278.23
	60238.95
	35239
	81000

	
	Total
	1658
	2482.26
	9945.426
	244.248
	2003.20
	2961.33
	0
	148000


	ANOVA

	amountcl

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	1.515E11
	3
	5.051E10
	6746.891
	.000

	Within Groups
	1.238E10
	1654
	7485672.514
	
	

	Total
	1.639E11
	1657
	
	
	


From the above table, the level of significance with the value of F is equal to zero, which is less than the specified level of significance for the research 0.05, So we rejected the null hypothesis and accept the alternative hypothesis that the mean total losses for groups are different, Confidence 95%
Multinomial Logistic Regression
	Case Processing Summary

	
	N
	Marginal Percentage

	y
	.00
	1523
	91.9%

	
	1.00
	108
	6.5%

	
	2.00
	22
	1.3%

	
	3.00
	5
	.3%

	Valid
	1658
	100.0%

	Missing
	0
	

	Total
	1658
	

	Subpopulation
	558a
	

	a. The dependent variable has only one value observed in 552 (98.9%) subpopulations.


	Parameter Estimates

	ya
	B
	Std. Error
	Wald
	df
	Sig.
	Exp(B)
	95% Confidence Interval for Exp(B)

	
	
	
	
	
	
	
	Lower Bound
	Upper Bound

	.00
	Intercept
	61.907
	475.690
	.017
	1
	.896
	
	
	

	
	x1
	.413
	.114
	13.261
	1
	.000
	1.512
	1.210
	1.889

	
	x2
	-12.053-
	176.060
	.005
	1
	.945
	5.830E-6
	8.003E-156
	4.247E144

	
	x3
	-14.212-
	186.338
	.006
	1
	.939
	6.730E-7
	1.647E-165
	2.749E152

	
	x41
	-27.868-
	349.163
	.006
	1
	.936
	7.889E-13
	.000
	1.274E285

	
	x42
	-14.833-
	277.387
	.003
	1
	.957
	3.617E-7
	2.792E-243
	4.685E229

	
	x5
	-11.640-
	195.921
	.004
	1
	.953
	8.808E-6
	1.502E-172
	5.167E161

	
	x6
	17.550
	2904.206
	.000
	1
	.995
	4.186E7
	.000
	.b

	
	x71
	-.971-
	261.975
	.000
	1
	.997
	.379
	3.847E-224
	3.731E222

	
	x72
	-9.615-
	16.196
	.352
	1
	.553
	6.675E-5
	1.092E-18
	4.078E9

	
	x73
	-12.724-
	16.109
	.624
	1
	.430
	2.979E-6
	5.779E-20
	1.536E8

	1.00
	Intercept
	52.358
	386.444
	.018
	1
	.892
	
	
	

	
	x1
	.173
	.111
	2.440
	1
	.118
	1.189
	.957
	1.479

	
	x2
	-9.580-
	176.059
	.003
	1
	.957
	6.911E-5
	9.503E-155
	5.026E145

	
	x3
	-12.065-
	186.337
	.004
	1
	.948
	5.757E-6
	1.411E-164
	2.349E153

	
	x41
	-12.037-
	212.069
	.003
	1
	.955
	5.921E-6
	1.814E-186
	1.932E175

	
	x42
	1.552
	1.519
	1.044
	1
	.307
	4.720
	.240
	92.621

	
	x5
	-11.277-
	195.920
	.003
	1
	.954
	1.267E-5
	2.162E-172
	7.420E161

	
	x6
	17.284
	2904.206
	.000
	1
	.995
	3.209E7
	.000
	.b

	
	x71
	-2.182-
	261.975
	.000
	1
	.993
	.113
	1.146E-224
	1.111E222

	
	x72
	-12.002-
	16.188
	.550
	1
	.458
	6.134E-6
	1.019E-19
	3.691E8

	
	x73
	-12.154-
	16.109
	.569
	1
	.451
	5.267E-6
	1.022E-19
	2.715E8

	2.00
	Intercept
	42.589
	397.735
	.011
	1
	.915
	
	
	

	
	x1
	.028
	.116
	.059
	1
	.809
	1.028
	.820
	1.290

	
	x2
	1.947
	200.272
	.000
	1
	.992
	7.004
	2.361E-170
	2.078E171

	
	x3
	-10.111-
	186.339
	.003
	1
	.957
	4.062E-5
	9.933E-164
	1.661E154

	
	x41
	-9.746-
	212.072
	.002
	1
	.963
	5.851E-5
	1.785E-185
	1.918E176

	
	x42
	1.201
	1.566
	.588
	1
	.443
	3.324
	.154
	71.581

	
	x5
	-8.003-
	195.924
	.002
	1
	.967
	.000
	5.672E-171
	1.972E163

	
	x6
	18.486
	2904.206
	.000
	1
	.995
	1.068E8
	.000
	.b

	
	x71
	-9.629-
	261.486
	.001
	1
	.971
	6.576E-5
	1.741E-227
	2.484E218

	
	x72
	-18.031-
	1.646
	119.976
	1
	.000
	1.476E-8
	5.859E-10
	3.718E-7

	
	x73
	-17.607-
	.000
	.
	1
	.
	2.257E-8
	2.257E-8
	2.257E-8

	a. The reference category is: 3.00.

	b. Floating point overflow occurred while computing this statistic. Its value is therefore set to system missing.
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· Model Probability of Low-risk group
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· Model Probability of Normal risk group
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· Model Probability of High risk group
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· Model Probability of Bad risk group
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Case_1

	Medical History
	Occupation
	Gender
	Marital status
	Nationality
	Residence
	age
	

	Not fit
	Middle
	Fit
	non
	Employee
	female
	male
	Single
	Married
	Non

Saudi
	Saudi
	Outside
	Inside
	
	

	
	√
	
	
	√
	
	√
	
	√
	
	√
	
	√
	30
	

	(   ) Acceptance coverage with a discount
	Underwriting

Decision
	0.104
	Low-risk 
	Probability degree of risk

	(   ) Acceptance coverage by normal price
	
	0.426
	Normal risk
	

	(   ) Acceptance coverage with additional  price
	
	0.471
	High risk
	

	(   ) Rejected Coverage
	
	7.377E-9
	Bad risk
	

	
	H2(x)=17.971
	H1(x)=17.871
	H0(x)=16.459
	
	
	1
	Sum
	


Case_2

	Medical History
	Occupation
	Gender
	Marital status
	Nationality
	Residence
	age
	

	Not fit
	Middle
	Fit
	non
	Employee
	female
	male
	Single
	Married
	Non

Saudi
	Saudi
	Outside
	Inside
	
	

	
	
	√
	
	√
	√
	
	
	√
	
	√
	
	√
	40
	

	(   ) Acceptance coverage with a discount
	Underwriting

Decision
	0.543
	Low-risk 
	Probability degree of risk

	(   ) Acceptance coverage by normal price
	
	0.456
	Normal risk
	

	(   ) Acceptance coverage with additional  price
	
	0.001084
	High risk
	

	(   ) Rejected Coverage
	
	0
	Bad risk
	

	
	H2(x)=34.656
	H1(x)=40.698
	H0(x)=40.873
	
	
	1
	Sum
	


Case_3

	Medical History
	Occupation
	Gender
	Marital status
	Nationality
	Residence
	age
	

	Not fit
	Middle
	Fit
	non
	Employee
	female
	male
	Single
	Married
	Non

Saudi
	Saudi
	Outside
	Inside
	
	

	
	
	√
	
	√
	√
	
	√
	
	
	√
	√
	
	35
	

	(   ) Acceptance coverage with a discount
	Underwriting

Decision
	0.71
	Low-risk 
	Probability degree of risk

	(   ) Acceptance coverage by normal price
	
	0.29
	Normal risk
	

	(   ) Acceptance coverage with additional  price
	
	1E-9
	High risk
	

	(   ) Rejected Coverage
	
	0
	Bad risk
	

	
	H2(x)=43.516
	H1(x)=63.002
	H0(x)=63.896
	
	
	1
	Sum
	


Case_4

	Medical History
	Occupation
	Gender
	Marital status
	Nationality
	Residence
	age
	

	Not fit
	Middle
	Fit
	non
	Employee
	female
	male
	Single
	Married
	Non

Saudi
	Saudi
	Outside
	Inside
	
	

	√
	
	
	√
	
	
	√
	
	√
	
	√
	
	√
	22
	

	(   ) Acceptance coverage with a discount
	Underwriting

Decision
	2.602E-4
	Low-risk 
	Probability degree of risk

	(   ) Acceptance coverage by normal price
	
	0.183
	Normal risk
	

	(   ) Acceptance coverage with additional  price
	
	0.345
	High risk
	

	(   ) Rejected Coverage
	
	0.472
	Bad risk
	

	
	H2(x)=-0.315
	H1(x)=-0.949
	H0(x)=-7.504
	
	
	1
	Sum
	


Case_5

	Medical History
	Occupation
	Gender
	Marital status
	Nationality
	Residence
	age
	

	Not fit
	Middle
	Fit
	non
	Employee
	female
	male
	Single
	Married
	Non

Saudi
	Saudi
	Outside
	Inside
	
	

	√
	
	
	
	√
	
	√
	
	√
	
	√
	
	√
	33
	

	(   ) Acceptance coverage with a discount
	Underwriting

Decision
	0.011
	Low-risk 
	Probability degree of risk

	(   ) Acceptance coverage by normal price
	
	0.435
	Normal risk
	

	(   ) Acceptance coverage with additional  price
	
	0.554
	High risk
	

	(   ) Rejected Coverage
	
	5.223E-9
	Bad risk
	

	
	H2(x)=18.479
	H1(x)=18.238
	H0(x5)=14.589
	
	
	1
	Sum
	


Case_6

	Medical History
	Occupation
	Gender
	Marital status
	Nationality
	Residence
	age
	

	Not fit
	Middle
	Fit
	non
	Employee
	female
	male
	Single
	Married
	Non

Saudi
	Saudi
	Outside
	Inside
	
	

	
	√
	
	
	√
	
	√
	
	√
	
	√
	
	√
	33
	

	(   ) Acceptance coverage with a discount
	Underwriting

Decision
	0.226
	Low-risk 
	Probability degree of risk

	(   ) Acceptance coverage by normal price
	
	0.451
	Normal risk
	

	(   ) Acceptance coverage with additional  price
	
	0.323
	High risk
	

	(   ) Rejected Coverage
	
	4.653E-9
	Bad risk
	

	
	H2(x)=18.055
	H1(x)=18.39
	H0(x5)=17.698
	
	
	1
	Sum
	


13

